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INTRODUCTION
In their classic papers, Flü gel (1972) and Wilson (1976) developed the concept of standard microfacies types and standard microfacies zonations of carbonate platforms and shelves. Since then, microfacies has become a basic tool in the classification and interpretation of carbonate rocks (Flü gel, 1982) . Subsequently, however, a major disadvantage was recognized in the concept, related to the large degree of generalization that does not provide for differentiation between the type of shelf profile, relative humidity, and sea-surface water temperatures (e.g., Schlager, 1992) . During the last twenty-five years, it has been found that carbonate sediments accumulate outside the global reef belt (Wass et al., 1970; Lees and Buller, 1972; Lees, 1975) . Subsequently, it became clear that biological and depositional systems of cool-water carbonates do not fit within the general models (Nelson, 1988; Jones and Desrochers, 1992; James et al., 1994; Henrich et al., 1995; Betzler et al., 1997a) . In this rather new field, well-established facies models exist only for large open-ocean exposed shelves and deep plateaus (Scoffin et al., 1980; Nelson et al., 1988; James, 1997) . For ancient counterparts, few case studies exist to date (e.g., Nelson, 1978; Rao, 1988; Reeckmann, 1988; James and Bone, 1989, 1991; Brachert et al., 1993; Carannante and Simone, 1996; Carannante et al., 1997) . Little sedimentological and actuopaleontological data exist for modern marginal seas and basins of the warm-temperate marine climatic zone. Published data sets are from the Mediterranean (e.g., Péres and Picard, 1964; Senes, 1988; Fornos et al., 1992, Fornos and Ahr, 1997; Carannante and Simone, 1996) and from Spencer Gulf, southern Australia (e.g., Burne and Colwell, 1982) . As yet, descriptions of microtidal Mediterranean-type systems from the stratigraphic record are predominantly from the Circum-Mediterranean area (e.g., Pedley, 1976; Studencki, 1988; Nebelsick, 1989; Vecsei, 1991; Sun and Esteban, 1994 ; Martin et al., 1996; Krautworst, 1996; Betzler et al., 1997b , Franseen et al., 1997 . Classic microfacies analysis is of limited use in these deposits as a result of shoreward and/or basinward displacement of particles and the mixing of grains derived from different sources (Krautworst, 1996, in press; Betzler et al., 1997b) . While these processes destroy original biogenic zonations, taphonomic biasing increases with reworking and redistribution of grains. Our case study (uppermost Tortonian/lowermost Messinian, southern Spain) aims to demonstrate the pitfalls as well as the potential of classic microfacies analysis in this kind of temperate skeletal carbonate setting. Because microfacies classifications reflect the degree of taphonomic biasing, we introduce the new term ''microtaphofacies.''
Regional Context and Stratigraphy
The Agua Amarga Basin (southern Spain) is a small rectangular depression within the Neogene volcanic province of Sierra de Cabo de Gata with well-exposed shallowmarine temperate carbonates in the center of the basin (Fig. 1) . The temperate carbonates can be divided into two units bounded by an angular unconformity. Based on its planktonic foraminifer content and stratigraphic relationships with volcanic rocks, the Lower Temperate Carbonate Unit (LTC Unit) was dated as lower Tortonian. As shown in Figure 2 , it overlies volcanics dated as 9.6 Ma and is cut and/or overlain by volcanics, that are 8.1-8.7 Ma old . The Upper Temperate Carbonate Unit (UTC Unit) rests on the LTC Unit and both volcanic units Betzler et al., 1997b) . The UTC Unit ranges from the upper Tortonian to the lowermost Messinian . In the center of the Agua Amarga Basin, the UTC Unit is divided into two subunits, the Azagador Member (as described and discussed herein) and the lower Abad Member (Fig. 2) . The Azagador Member represents bryozoan-bivalve calcirudites and calcarenites deposited in a nearshore environment. In this area, the planktonic foraminifer content implies an uppermost Tortonian age for this lithostratigraphic unit (Fig. 2; Braga et al., 1996; . The lower Abad Member comprises offshore calcisiltites and fine-grained calcarenites. Along the shoulders of the basin, Messinian coral reefs, formed in a subtropical/tropical context (S/T Units), rest on top of an angular unconformity (Brachert, 1996; Braga et al., 1996) . They laterally interfinger with the basinal upper Abad Member, which includes marls, calcisiltites, diatomites, rudstones (calciturbidites), and slump blocks of reefs. The overlying massive Agua Amarga Breccia completes the Miocene section of the basin (Fig. 2; van de Poel et al., 1984; Brachert, 1996; Braga et al., 1996) . The reader is referred to Esteban and Giner (1980) , Franseen et al. (1993 ), Betzler (1995 , Braga (1994, 1996) , Brachert (1996) , Brachert et al. (1996) , Esteban et al. (1996) , and Braga et al. (1996) for detailed descriptions of the stratigraphy and tectonic and paleoclimatic evolution of the area.
Methods
This study is based on geological mapping (scale 1: 10,000) of the Agua Amarga Basin (see Brachert, 1996) , analysis of aerial photographs, detailed measurements, and analysis of sedimentary structures of sections (Fig. 1 ). Samples were taken according to the search-sampling sys- tem. Modal sediment composition was quantified using standard microfacies techniques for thin-sections (pointcounting of Ͼ350 points) described by Flü gel (1982) . Statistical analyses were carried out using the SPSS version 6.0.1 for the MS Windows software package. Cluster analysis was run using Ward's method and squared Euclidean distances as a similarity index.
SEDIMENTOLOGY OF THE SHALLOW, TEMPERATE CARBONATES (AZAGADOR MEMBER)
During the latest Tortonian/earliest Messinian, the Agua Amarga Basin was part of a shallow embayment of the ancient Mediterranean Sea. Within this setting, a wedge of bryomol carbonates formed that exhibits ramp depositional geometry (Azagador Member). The unit can be divided into a lowstand systems tract (LST), transgressive systems tract (TST), and highstand systems tract (HST), as described by . The LST forms a shoreward-thinning wedge within the inner parts of the basin (maximum thickness 10 m) and consists of megatrough cross-bedded calcirudites. Sediments change shoreward from carbonates to volcanic conglomerates with individual boulders Ͻ 1m in diameter. The TST is represented by a well-cemented breccia, 1-to-3 m thick, that has a much wider landward distribution than the un- 
Fan-Bedded Zone Distribution
Basinward of the factory zone; fan-array disposition of beds (''Fan-bedded''), the thickness of the single beds increasing abruptly basinward. Sedimentary structures and lithologies 1. Coarse calcirudite (size of the bioclasts ϭ 2-3 cm) to fine calcirudite (size of the bioclasts a few mm). Well developed horizontal (parallel) lamination (decimetric). Some layers massive with an erosive base. 2. Calcarenites/fine-grained calcirudite (rudstone) with highly abraded bioclasts (3-4 mm in size). Thick beds (2-3 m) with very consistent internal tabular crossbedding dipping landward. Pinch-out to the north.
derlying LST deposits. Clasts include volcanic pebbles and carbonate lithoclasts from the underlying lower Tortonian units and abundant cm-sized bioclasts (bryozoans, oysters, pectinids, solitary corals, coralline algae, gastropods, etc.). The HST consists of a thick wedge (25 m) of white, skeletal carbonate, which exhibits well-developed bedding and sedimentary structures. For the HST, the outcrop window of the basin documents a ramp depositional system (1 km wide) extending from the shore and inner ramp to the mid-and outer-ramp areas. Beaches and shoals formed the highest part of the ramp (Beach and Shoal Zone of the inner ramp). Maximum carbonate production took place seaward, in a sheet-like ''carbonate factory'' (mid-ramp Bar and Factory Zone). The absence of crossbedding, the high matrix content, and the comparatively large size and low degree of fragmentation of bioclasts (Ͻ 10 cm), indicate that most particles are parautochthonous (originally produced there or close by). Particles were redistributed from this carbonate factory area during storms. Skeletal material was moved landward through currents and waves to accumulate in a shoal zone (longshore bars) and on the beaches paralleling the shoreline. Bioclasts were also transported basinward by mass-flows.
In this basinward area below storm-wave base, deposits are characterized by centimetric laminations in a fan-array disposition (outer ramp Fan-Bedded Zone). No evidence for major in situ carbonate production exists. The proportion of intact to slightly fragmented skeletons is very low in a context with no signs of particle reworking after mass-flow deposition. For a detailed description of sedimentary structures, lithologies, and the sedimentary model of the HST, the reader is referred to , and Internal Cyclicity of the HST The HST exhibits a distinct internal cyclicity due to sealevel variations . On the outer-ramp segment, phases of low sea-level stands are recorded by a total of five individual carbonate sand bars. The latter represent thick (2-3 m), laterally discontinuous beds with tabular cross-bedding. These beds consist of calcarenites/ fine-grained calcirudites with highly abraded bioclasts (3-4 mm). Particles are derived from erosion of skeletons and probably of previously deposited sediments. Skeletal carbonate sand bars (rudstone) occur on the mid ramp, and wedge out both shoreward and basinward. The beds are characterized by well-defined tabular cross-beds that dip seaward, but have an internal cross-lamination that points landward, because they are composites of smaller, landward-moving bars representing transgressive units.
Geometric Estimation of the Bathymetric Profile
For the Azagador Member, a geometrical reconstruction of the original minimum water depth is possible parallel to the tectonic strike ( Fig. 1) . In order to reconstruct the style of tectonic deformation, we compared the trend of the ancient shoreline (maximum landward encroachment of the Azagador Member in point H) and basin-fill patterns ( Fig.  1A ) with the present-day elevation of the basement of the temperate unit (Fig. 1B) . A comparison of the two maps indicates a tilt of the basin (shoreline tilt!) in an easterly or east-southeasterly direction at some time after the deposition of the Azagador Member. For the reconstruction of the original water depth, we have chosen a transect parallel to the tectonic strike (direction of minimum deformation) and normal from the shoreline into the basin center (Fig. 1B) . Taking the shoreline as a reference of paleosea level, we compared its topographic elevation with the base and top of the unit along the transect. Following this procedure, water depth was zero along the shoreline and increased to a minimum of 5-10 meters below sea level (mbsl) within the factory area and about 25 mbsl in the outer ramp during highstands (Fig. 5 ).
MICROFACIES
Biogenic associations consist of various bryozoans and bivalves, with smaller amounts of echinoids, barnacles, benthic foraminifers, coralline algae, brachiopods, and solitary corals. In shallow water settings, this BRYOMOL association is typical for regimes too cold to support coralreef growth . The presence of large benthic foraminifers (including Amphistegina and Heterostegina), however, implies a warm-temperate marine climate with a minimum water temperature on the order of 17ЊC (Adams et al., 1990; Betzler et al., 1995; Brachert, 1996) .
Microfacies Classification
Quantitative thin-section data were used to run a cluster analysis. In order to define possible associations of particles, all particle counts per thin-section were normalized to 100%. Based upon the results of this cluster analysis, the Azagador Member can be divided into four sample families. The overlying fine-grained basinal calcisiltites/ fine calcarenites of the Abad Member form a fifth group (Fig. 6 ). Modal compositions of microfacies are listed in Table 2. Each family of samples is characterized by the dominance of one specific particle group-clusters/subclusters 1 through 5 are: the Nodular Bryozoan Facies, Planktonic Foraminifer Facies, Branching Bryozoan Facies, Coralline Algal Facies, and Echinoderm Facies, respectively (Fig. 6 ).
Nodular Bryozoan Facies (Fig. 7H)
The carbonate factory deposits consist of coarse-grained floatstones or rudstones (particles Ͻ 10 cm) with abundant fine-grained matrix (around 25-45%). Typical biogenic particles include large (Ͻ 5 cm), nodular bryozoans (predominantly celleporiforms; Fig. 7B ) that constitute 15% of the rock volume in section I (Fig. 4 ) and up to 32% rock volume elsewhere (section B in Fig. 3) . Typical of the nodular bryozoans is the close spatial coexistence of different stages of preservation with, for example, well-preserved zooaria occurring next to skeletal molds (Fig. 7G,  H ). Branching and foliaceous bryozoans are of minor importance (Ͻ5%), while calcitic bivalves (Pecten and Chlamys) are important additional constituents (Ͻ10%) of the carbonate factory.
In the Nodular Bryozoan Facies, benthic foraminifers do not exceed a few percent (4%). An important genus is Elphidium (Fig. 7F) , most of whose modern species are restricted to very shallow waters (Ͻ5 m) and thrive in mats of filamentous green algae (Leutenegger, 1984; Langer, 1993) or seagrass meadows (Blanc, 1972) . The depth distribution of most modern Elphidium species confirms the geometrical reconstruction of the water depth, on the order of 5-10 m for the factory area. The presence of cibicids and miliolinid foraminifers of the Triloculina and Quinqueloculina groups (Fig. 9E ) also fit the spectrum of seagrass foraminifer fauna (Péres and Picard, 1964; BlancVernet, 1969; Cann et al., 1988 Cann et al., , 1993 Davaud and Septfontaine, 1995) . Other benthic foraminifers in the Nodular Bryozoan Facies are large encrusting forms such as Cibicidella, Carpenteria balaniformis (Fig. 7A) , and Rupertina (morphotype A of Langer, 1993) . Today, the latter occurs on macrophytes of the Posidonia oceanica and Sargassum hornschuchi type (Langer, 1993) . Most tests from these encrusting foraminifers occur isolated from their original 
11.6 (4.5) 13.0 (5.0) 28.6 (24.9) 18.9 (6.1) 20. 8 (5.5) substrate in the sediment, suggesting a mode of life on ephemeral substrates for the fossil material as well.
In modern macroalgal stands on the Rottnest shelf (southern Australia), nodular bryozoans encrust the rhizomes and bases of seagrasses (Collins, 1988 ). An identical relationship of carbonate production and macroalgae also occurs in the Mediterranean Sea. In the very shallow water of protected embayments, the trunks of various Cystoseira-type kelp and Sargassum hornschuchi have clumpshaped encrustations of celleporiform bryozoans (e.g., Cellepora pumicosa; Riedl, 1963) . Because the epiphytic bryozoan colonies become independent from their ephemeral substrates at an early stage of growth, subsequently they tend to develop nodular growth forms (Pouyet, 1973) . Large, branching colonies form by encrustation of sponges or octocorals (Pouyet, 1973) . Thus, elongate primary cavities (1-2 mm) in the interior of fossil zooaria of nodular celleporiform bryozoans are, tentatively interpreted as representing traces of non-calcified macroalgal material (Fig.  7D, G) . However, apart from these biomuration fabrics (Voigt, 1973) , many larger cavities (5-7 mm in diameter) are due to bivalve boring. Based upon the poor sorting of the original sediment, the presence of biomuration fabrics, and the taxonomical composition of the foraminifer fauna, the stratification patterns of the carbonate factory (indistinct laterally discontinuous, non-parallel, convex upward bedding) are interpreted to have arisen from the baffling and binding effects of localized seagrass patches.
The source of the detrital fine-grained carbonate has not been identified. Calcified green algae, such as Halimeda, are not documented. Therefore, it is sound to assume that the matrix originated from the disintegration of weakly skeletonized microepiphytes of seagrasses (corallinaceans, bryozoans), the mechanical breakdown of nodular bryozoans (Smith and Nelson, 1994) , and the endolithic infestation of the macrofauna (Fig. 9D) , as described for modern skeletal sands (Farrow and Fyfe, 1988; Young and Nelson, 1988) . Part of the fine-grained fraction, however, is homogeneous, microbioclast-poor microspar that formed as a cement (Fig. 8G) . The content of the finegrained carbonate is, therefore, not an appropriate criterion to define microfacies.
Planktonic Foraminifer Facies (Fig. 9G) The Planktonic Foraminifer Facies has a high content of planktonic foraminifers (52%). Minor components are nodular bryozoans (6%), echinoderms (4%), calcitic molluscs (3%), and coralline algae (2%). Unspecified skeletal material (bioclasts) is high (29%). The Planktonic Foraminifer Facies correlates with calicisiltites/fine-grained calcarenites from the basinal Abad Member, which abruptly overlies the coarse-grained shallow-marine Azagador Member.
Branching Bryozoan Facies (Fig. 8A-G) The Branching Bryozoan Facies comprises a coarse skeletal rudstone, with a low matrix content (commonly below 20%). Branching bryozoans, classified as delicate branching (24%) and robust branching (10%) growth forms, are the most abundant category of grains. Due to a high degree of fragmentation, the contents of unspecified bryozoans (10%) and bioclasts (13%) are high. Nodular bryozoans (6%) are minor as compared to the factory. Echinoderm elements (11%) and fragments of crustose corallinaceans (10%) are of approximately equal abundance. Benthic foraminifers are quantitatively unimportant (6%); however, they are more abundant than in the factory sediments (Fig. 6, Table 2 ). Balanid plates account for up to 3%.
Coralline Algal Facies (Fig. 9A, C, E) The Coralline Algal Facies is typified by an abundance of nongeniculate coralline algal fragments (26%; Fig. 9A ) and a relatively low amount of bryozoans (26%) compared to the carbonate factory. This pattern implies a certain amount of in situ algal production on the outer ramp. , 1979; Perrin et al., 1995) . Echinoderms (13%), benthic foraminifers (6%), and calcitic bivalves (6%) are present in small amounts, whereas unidentified skeletal material (bioclasts) is abundant (19%).
Echinoderm Facies (Fig. 9B, D) The most abundant particles in the Echinoderm Facies are echinoderm remains (21%). Particles are heavily abraded (Fig. 9B, D) and delicate particles are scarce (nodular bryozoans 3%) or missing (Fig. 6) . The massive tests of foraminifers and balanid shields, therefore, dominate within the Echinoderm Facies at 8% and 4%, respectively. In our samples, delicate branching bryozans (8%) are more common than robust branching growth forms (2%).
Diagenesis
The most striking diagenetic feature of the temperate carbonates is a low degree of cementation (including very scarce early marine cement; Fig. 9F ) and a corresponding high degree of in situ breakage of grains due to mechanical compaction (Figs. 7E, 8A, B, 9C, 9H ). Primary pores have thin, irregular rims of scalenohedral or granular cements (thickness Ͻ30 m; Figs. 7C, 8C, F, 9B) or, less commonly, rims of microspar mosaic (Fig. 8G) , both with open porosity of up to 15% (point-counting volume). Prominent echinoderm rim cements that incorporate adjacent grains may occur (Fig. 9B) .
Primary fabrics within the temperate carbonates are finely recrystallized. The original Mg-calcite structure in corallinaceans and porcellaneous foraminifers is partly destroyed.
The aragonite fauna (solitary corals, gastropods, and bivalves) is preserved as molds that never show any evidence of the former presence of micrite envelopes. Thus, preservation of moldic porosity only occurred where sedimentary infillings and/or cementation within the pore spaces of the sediment took place prior to shell dissolution. Most common is a dark fossiliferous micrite that occurs preferentially within individual fossil chambers (Fig. 9F) , producing a cast of the grains. Based on petrographical evidence, Brachert et al. (1993) deduced rapid lithification rates for this type of infillings. Micritic (lithified) intraparticle porosities typically also occur in relict particles of Holocene sediments from southern Australia . After dissolution of aragonite, the molds and interparticle pores were sealed by fossiliferous microspar prior to mechanical compaction of the sediment (Fig. 9F) . Therefore, cementation and dissolution began at a very early stage of diagenesis, on the seafloor or just beneath it. Some of the aragonite biota were dissolved later, as evidenced by linings of non-fossiliferous microspar that postdates mechanical compaction (Fig. 8G ).
SPATIAL DISTRIBUTION OF MICROFACIES
A simple descriptive statistical test was used to trace the distribution of microfacies with respect to their position on the ramp and to the type of sedimentary structures, respectively (see Tables 3 and 4 
, Figs. 3-5).
The Nodular Bryozoan Facies only occurs within the HST, predominating in massive lithologies of the middle and outer ramp (Factory Zone and Fan-Bedded Zone) and trough cross-bedded sediment bodies of the inner ramp (shoreface zone and shoals). The Nodular Bryozoan Facies is under-represented in horizontally stratified and tabular cross-bedded rocks of both high-frequency highstands (beach laminations) and transgressive units (bars). Thus, it predominates within the highstand units of the HST internal cyclicity (as deduced by and, apart from the foreshore zone, occurs continuously from the inner to the outer ramp. The Planktonic Foraminifer Facies can be correlated with massive basinal deposits from the lower Abad Member, stratigraphically overlying the HST. The Branching Bryozoan Facies occurs in most parts of the ramp profile. It correlates significantly with tabular cross-bedding, both within beach deposits (foreshore zone) of the highstand units and within bars of the transgressive and lowstand units of the HST (Fig. 5) . It is absent in other sedimentary bodies, as indicated by a standard residual of Ͼ2 (Tables 3 and 4 ; Bü hl and Zöfel, 1995).
The Coralline Algal Facies is present as thin (some tens of cm) beds on the outer segment of the ramp (the ''Fan Bedded Zone'') in massive or horizontally laminated lithologies. Here, it occurs overlying large bars, preserving their topography (the bars correspond with high-frequency lowstands of sea level of the HST internal cyclicity). Within the Bar and Factory Zone of the mid ramp, the Coralline Algal Facies occurs in one example in transgressive bars intercalated in highstand deposits from the carbonate factory facies (section I). The Echinoderm Facies is equally abundant in massive lithologies and in rocks with tabular cross-bedding (bars) in the outer to mid ramp. In one sample, the facies occurs in trough cross-bedded shoal deposits of the Beach and Shoal Zone.
DISCUSSION

Interpretation of Microfacies
According to the sedimentary model outlined by , most particles and sediments are derived from the same mid-ramp factory. Multiple reworking and redistribution of particles limit the preservation of biogenic zonations along the depositional profile; therefore, sediment composition would be expected to be rather uniform thoughout the ramp profile and the section.
A depositional system that extends continuously from the shoreline down to the outer ramp is only preserved within the highstand units of the HST internal high-frequency cylicity . Within this depositional system, excess production from the carbonate factory (Nodular Bryozoan Facies) episodically moved downslope below storm-wave base by gravity flows during storms . Correspondingly, the sediment composition is equivalent to that of the carbonate factory in the Nodular Bryozoan Facies (Figs. 7, 8H ). However, bioclasts are finer-grained (2-3 cm) than in the carbonate factory. The proportion of intact or slightly fragmented skeletons is very low and there is no sign of particle reworking after mass-flow deposition. Shoreward from the factory, within shoals and the shoreface zone of the beaches, the skeletal fragments are smaller than within the factory (3-4 cm) and are broken. However, again, compositionally the deposits belong to the Nodular Bryozoan Facies. In accordance with the skeletal composition, the foreshore zone (rudstone with tabular cross-bedding) has been classified as ''Branching Bryozoan Facies'', and interpreted as reflecting extensive sorting and mechanical destruction of grains.
The Planktonic Foraminifer Facies is very distinct and typical of the basinal calcisiltites and fine-grained calcarenites of the lower Abad Member. The lowermost Abad Member is rich in bioclasts; that is, grains that were not specified in thin-section due to their poor state of preservation. We tentatively interpret this pattern as the result of low rates of sedimentation during rapid relative rise of sea-level (Brachert, 1996) . In addition to the diagnostic sedimentary structures, this restriction of the Planktonic Foraminifer Facies to the basinal Abad Member, and its complete absence from the Azagador Member, supports a shallow-water origin of the Azagador Member within the Agua Amarga Basin. This scenario is therefore incompatible with a model of deposition of the coarse-grained facies (Azagador Member) in a toe-of-slope setting. 
Limitations of the Microfacies Concept:
Taphonomic Biasing
The observed spatial distribution of microfacies reflects specific preservation potentials of carbonate grain types within a given depositional environment. According to this study, the most significant taphonomic filters are: (1) susceptibility of grains to mechanical destruction; (2) effective time-duration of the filter process as the result of the number of deposition/exhumation cycles; and (3) early dissolution of grains preceeding cementation. We refer to this particular type of microfacies as microtaphofacies.
Using water-tank experiments to test the mechanical resistance of bryozoan growth forms, Smith and Nelson (1994) have shown that nodular bryozoans are the least resistant of all types tested. We use these experiments as an analogue in order to explain the abundance patterns of biogenic particles and, thus, microfacies, because the sediments are derived from the same factory (Nodular Bryozoan Facies; after . Apart from sorting effects and the winnowing of the fine-grained fraction, the low content of nodular bryozoans within deposits showing tabular cross-bedding (compared with the factory) must be due to mechanical abrasion and breakdown in mobile sediment bodies (bars). This interpretation explains the relative abundance of mechanically resistant grains, such as branching bryozoans, echinoderms, massive foraminifer tests, as well as degraded unidentified biogenic particles (bioclasts) within the Branching Bryozoan Facies and Echinoderm Facies. Echinoderms, molluscs, balanids, and volcanic pebbles are most abundant within the Echinoderm Facies, and they exhibit the highest degree of mechanical wear and rounding. Interestingly, the ratio of delicate-to-robust branching bryozoans is highest within the Echinoderm Facies (3.9 vs. 2.4 in Branching Bryozoan Facies and 0.9 in Nodular Bryozoan Facies). This paradoxical result, suggesting that delicate growth forms are more resistant than robust ones, was also confirmed by tank experiments (Smith and Nelson, 1994) . Therefore, we suggest that the Echinoderm Facies received the highest degree of taphonomical bias. This observation is in line with the common occurrence of the Echinoderm Facies within the lowstand and transgressive bars, which have no coeval carbonate factory within the outcrop window . Net skeletal production mainly occurred during the highstands, and sediments in the lowstand and transgressive deposits mostly consist of grains reworked from previously deposited highstand material.
Modern Counterparts
Quantitative microfacies analysis reveals that, although biological zonations were blurred by reworking of particles, a certain zonation remains in the fossil record. In the shallow-water zonation models of the present-day Mediterranean Sea (Péres and Picard, 1964; Caulet, 1972) , there is a clear separation of sediments enriched in either bryozans or coralline algae. The statistical treatment of the geological samples reveals a similar separation into two sample families that are low or high in coralline algae, respectively. The first occurs within the main factory area in shallow water (5 to 15 mbsl), whereas, according to the geometrical relationships, the latter was located in waters more than 20 to 30 m deep (transgressive units). This fits the modern distribution of the coralline algal association.
In detail, the actualistic approach is limited by effective filter processes operating during deposition and early diagenesis. The microfacies classification found here reflects a mixture of various primary characters and increasing biasing through taphonomic filtering. Selective mechanical breakdown of grains is important, as it results in an environmental and/or time-specific type of microfacies. The least-biased record taphonomically is the one within the in situ carbonate factory deposits. Here, the composition of the foraminifer fauna allows us to quantify the original water depth, which is supported by the geometrical reconstruction of the depositional system (Fig. 5) . Second, the foraminifer fauna and some biomuration fabrics in the nodular bryozoan zooaria point to the presence of seagrass patches that acted as localized noncalcified substrates, sediment bafflers, and binders. However, compared with seagrass banks in the present-day Mediterranean, or from southern Australia, the biogenic spectrum is incomplete. The contribution by various bivalves, gastropods, and diverse larger miliolid foraminifers typical of the recent warm-temperate seagrass environment are either under represented or absent in our samples (Péres and Picard, 1964; Blanc-Vernet, 1969; Cann et al., 1988 Cann et al., , 1993 Davaud and Septfontaine, 1995) . In modern seagrass banks, benthic foraminifers comprise 15-30% of the skeletal component, mainly consisting of rotalinids (e.g., Discorbis, Elphidium), miliolid tests (Quinqueloculina, Triloculina, Miliolinella, Spiroloculina; Fig. 9E) , and some soritinids (Peneroplis, Spirolina; Burne and Colwell, 1982; Cann et al., 1988 Cann et al., , 1993 Davaud and Septfontaine, 1995) . Although fossilization potential is high, benthic foraminifera play only a minor role (a maximum of 8% within the Echinoderm Facies) and soritinids, common in the present-day Mediterranean (Davaud and Septfontaine, 1995) , are absent. We conclude that seagrass patches were small compared to open bottoms, or that seagrass cover was ephemeral.
The absence of most aragonitic or mixed aragonite/calcite representatives of molluscs common in all Cenozoic shallow-marine environments, including seagrass substrates, in conjunction with the occurrence of calcitic forms (pectinids and ostreids), demands an explanation. Calcitic bivalves are equally important within all facies (Fig. 6 ). Records of aragonitic fauna, including both molluscs and solitary corals, occur only as molds and are commonly far below a maximum of 2%. The low content of original aragonite fauna most probably reflects dissolution of aragonite at the sediment surface or within the unlithified sediment, perhaps still influenced by seawater (cf. Dullo, 1983; Studencki, 1988) . This conclusion is supported by the fact that the molds exhibit no micrite envelopes that may have preserved them within the unlithified sediment, and preservation largely depended on the presence of (dark) fossiliferous micrite casts (Fig. 9F ) that formed on the seafloor or at a very early stage of diagenesis within the sediment. It implies that the aragonite biota, which accounts for a significant proportion of all the Cenozoic shallow-water marine communities, is probably not well recorded. The preserved remains represent only a small fraction of the original fauna that was protected from total dissolution within the weakly cemented and compacted carbonate rock.
IMPLICATIONS AND CONCLUSIONS
The implications of the detailed microfacies analysis of shallow-water carbonates from the upper Miocene (uppermost Tortonian/lowermost Messinian) in the Agua Amarga Basin are threefold:
(1) The biogenic association dominated by bryozoans or coralline algae, with bivalves, foraminifers, echinoderms, balanids, solitary corals, and serpulids, is typical of a warm-temperate marine environment. The presence of large foraminifers (Heterostegina, Amphistegina) implies water temperatures above 17ЊC. Apart from open bottoms, seagrass patches within the carbonate factory played a dual role on the mid ramp. First, they trapped and/or stabilized sediments; second, they hosted a diverse spectrum of heterotrophic carbonate-secreting organisms. Deeper on the ramp, mass-flow deposits predominate, without significant in situ production (see . These relationships demonstrate a clear link between the carbonate factory and the upper photic zone. Although carbonate production in temperate seas is considered to be constant over a broad bathymetric spectrum (see James, 1997) , this relationship implies that carbonate production rates of some warm-temperate systems decrease drastically with water depth.
(2) Many taxa from present-day temperate seagrass communities do not occur (or are not common) in the Azagador Member, mainly because aragonite dissolved at a very early stage of diagenesis, prior to the first phase of cementation. Molds of aragonitic grains occur only subordinately, because cements are minor and micrite envelopes did not develop. This implies that the diagenetic potential of the sediments was reset close to zero during or soon after deposition. According to the diagenetic model by James and Bone (1989) , sediments must have remained unlithified for a long period.
(3) Our analysis of these sediments revealed four discrete microfacies (plus one microfacies for the basinal Abad Member directly overlying the shallow-marine carbonates). The microfacies types do not reflect an original biogenic zonation of the ramp for two reasons. First, particles and sediments were continuously redistributed and mixed by waves and currents prior to their final deposition. Second, the HST of the Azagador Member exhibits extensive high-frequency internal cyclicity , clearly illustrating the role of taphonomic processes in determining sediment composition. Each of the subunits exhibits classic siliciclastic sequence architecture comprising LST, TST, and HST. According to this model, net skeletal carbonate production mainly occurred during the highstands; newly produced and older sediment grains were reworked to some extent during lowstands and transgressions. The microfacies classification reflects this taphonomic history of the particles. Parautochthonous carbonates (Nodular Bryozoan Facies and Coralline Algal Facies) are taphonomically the least biased. Transport and an increasing number of burial/exhumation cycles caused successive destruction of nodular (celleporiform) bryozoans, robust branching bryozoans, and delicate (sic!) branching bryozoans. Microfacies dominated by branching bryozoans dominate on beaches (of the HST units) and in transgressive unit bars (Branching Bryozoan Facies). Lowstand deposits (bars) composed of highly abraded particles and dominated by resistant grains (including non-carbonate material; Echinoderm Facies) are taphonomically the most biased. Low rates of cementation within temperate carbonates and reworking of grains during lowstands and transgressions sharply contradict models for tropical/subtropical carbonate sediments and, thus, challenge classical concepts of carbonate sequence stratigraphy (cf. Schlager, 1992) . Our concept of taphonomically controlled microfacies, herein called microtaphofacies, which reflects a given sedimentary environment and depositional history, may find an application in the interpretation of subsurface skeletal carbonates. 
